The semi-arid tropical (SAT) regions are notably characterized by low rainfall and high temperatures, and hence low natural primary productivity and soil fertility. However, to adequately respond to the title of our article as to how fertile are SAT soils, there is a need to critically review the current literature on the fertility status of SAT soils. Little attention has been paid in the past to determining the fertility status of SAT soils supporting rainfed production systems despite the fact that the SAT soils are relatively fragile than their irrigated counterparts; and this is due to their widespread degradation and lack of investment in building up the fertility. However, as in the case of other agroecosystems, the soils in the SAT regions vary widely in various fertility parameters. For example, the results of survey of large numbers of farmers' fields in the SAT regions of India, by the ICRISAT and its partners, showed that they vary widely in soil pH, salts (electrical conductivity, EC), organic C (an index of available N) and major (N and P), secondary (S) and micronutrients (B and Zn) although the soils were low in organic C with widespread deficiencies of these nutrients. From the results discussed in this article, it is concluded that in general, the soils in the SAT regions are low in fertility; however, they vary widely in various fertility parameters.
Introduction
IT is a common practice to make general statements on the fertility status of soils, for example those belonging to an agroecosystem based on not sufficient number of samples to cover in a district, state or country, whatever the case might be, it happens. Soil scientists involved in mapping soil nutrients know as to what is the minimum number of samples need to be collected, e.g. to represent the soils of a district for interpolation of the results for preparing nutrient maps. The details of the method used for collecting representative soil samples from farmers' fields in watersheds, and their analyses are described earlier 1 . Similarly, to be able to comment appropriately on the fertility status of soils of the semi-arid tropical (SAT) regions of India, there is a need to review the past literature critically, analyse and interpret the results. In this article, we review the past literature on chemical fertility with the purpose of gleaning out the salient results emerging from the current literature, and use them to describe the fertility status of soils. For this review, the results on the soil fertility status of samples collected from farmers' fields will be preferred over those from the research stations. However, it must be stated at the outset that little attention has been paid to determining the fertility status of soils supporting rainfed production systems in the SAT regions of India 2 . Selected relevant examples of research done in other SAT regions of the globe will also be included.
Fertility status of SAT soils: some results
The soils in the rainfed areas of SAT globally occur in regions with relatively low rainfall and high temperatures; and as a result these soils support sparse vegetation and have low natural primary production. It follows from this that the SAT soils are relatively low in their inherent natural fertility, but it does not mean that they are not productive. But water shortage in the rainfed SAT is also a major constraint to reckon with, which not only controls productivity but also the maintenance of soil fertility; and Indian SAT is no exception [3] [4] [5] [6] [7] [8] . It follows from this that for sustainably enhancing the productivity of rainfed areas in the SAT regions, both water shortage and soil infertility problems need to be simultaneously addressed 2, 8 . As an example of the fertility of SAT soils in the rainfed areas, we cite the case of Karnataka state, India. The state has the largest area under rainfed cropping following Rajasthan. Moreover, the ICRISAT in partnership with the government of Karnataka, state agricultural universities and non-governmental organizations completed the sampling of soils from the farmers' fields representing all the 30 districts of the state. The soil samples were analysed for various chemical soil fertility parameters including pH, electrical conductivity (EC), a measure of salts in the soil, organic C (an index of N availability) and extractable P, K, S, B and Zn following the standard methods of soil analyses 2 . The results on the analyses of 92,904 soil samples from all the 30 districts of Karnataka for various fertility parameters are summarized in Table 1 . The results on the range, mean, % deficient (percentage of soil samples deficient in a plant nutrient) for soil pH, EC, organic C, and extractable (or available) nutrient elements ( show that soil samples had a range in pH, EC, organic C and in extractable P, K, S, B and Zn.
It is important to note that to separate deficient soils from the sufficient ones in a particular plant nutrient, the critical limits, gleaned from published literature, in the soil for each plant nutrient given in Table 2 were used [9] [10] [11] . The results further show that the soil samples were low in organic C (hence in available N), and widely deficient in P, S, B and Zn, but the deficiency of K was of minor nature. These results are in accord with the results of soil analysis reported from other states of India including Andhra Pradesh, Rajasthan and Madhya Pradesh 8, [10] [11] [12] [13] . In the semi-arid regions of sub-Saharan Africa, soil fertility has been mainly focused on organic matter and major nutrient management, and little research has been reported on the extent of deficiencies of secondary and micronutrients. As in the case of Indian SAT, the soils in sub-Saharan Africa are low in organic C and acutely deficient in P and K, especially soils in the drier areas of the regions. This is due to lack of inputs of organic matter and nutrients from external sources. However, an integrated nutrient approach that combines the use of mineral and organic sources of plant nutrients has been recommended following extensive studies in the region. As mentioned earlier, most studies have focused on the role of N, P and K deficiencies in the production systems (for review see refs 5, 6).
Perspectives
From this discussion it follows that soils of the SAT regions in India vary rather widely in various fertility parameters; and it would be hazardous to generalize that the soils occurring in the SAT regions of India are low in fertility as selected soils are sufficient or relatively high organic C and extractable S, B, Zn and P. In fact, most soil samples from farmers' fields seem sufficient or high in extractable K (Table 1) . Having said that, it is also fair to state from the results that the SAT soils from Karnataka are low in organic C and widely deficient in extractable P, S, B and Zn.
For sustainably enhancing the productivity of rainfed areas in the SAT regions, it is a prerequisite to maintain soil fertility relative to organic C, major and micronutrient status; indeed, balanced and integrated nutrient management approach holds the key not only to maintaining soil fertility in the longer-term, but also promotes efficient use of rainwater for enhancing agricultural production and productivity. Soil fertility is critical for enhancing productivity and crop and food quality 2, 14 . Moreover, there is a direct connection between soil health and food quality, and in turn between food quality and human health via food chain 15 .
